Abstract.-Megabalanus peninsularis is a key species in the rocky shore, particularly in Malpelo Island in the Eastern Tropical Pacific (ETP) where it dominates the mesolittoral zone and the infralittoral fringe. The size structure of M. peninsularis was determined to infer the population state (pyramid model) by measuring the basal diameter of individuals (n= 837) around the oceanic island. The species population distribution followed a bimodal pattern (class I-II and VII). The pyramid expansive model, with a relatively higher number of juveniles than adults suggests that the population is growing.
INTRODUCTION
Barnacles are cosmopolitan organisms that dominate rocky shores around the world, colonizing from the supralittoral to the infralittoral depending on the species and environmental conditions (Chan 2006) . These crustaceans can modify the littoral community assemblage due to their particular biological characteristics like rapid growth, high fertility, and high tolerance to extreme weather conditions, which allow them to better compete for space (Penchaszadeh et al. 2003 , Chan 2006 , Tapia & Navarrete 2010 .
The life cycle of barnacles comprises a pelagic larval stage and a sessile stage; first as a juvenile and then as an adult when it becomes reproductive (Chan 2006) . The duration of the life cycle is highly variable (Muko et al. 2001 ) with reports suggesting 3.75 years on average (Jeffery & Underwood 2001 , Chan & Williams 2004 , Golléty et al. 2008 ) and up to 7 years (Calcagno et al. 1998) for Balanus amphitre.
The growth rate and sexual maturity of barnacles (tm) vary according to local environmental conditions (Zvyagintsev & Korn 2003 , Heather et al. 2005 , Chan 2006 . Chan & Williams (2004) studied barnacle growth after settlement; Tetraclita squamosa grew differently in Middle Bay and Heng Fa Chuen Bay, between 0.8 to 1.16 mm month -1 , respectively. Similar results were found for Tetraclita japonica from 1.0 to 1.4 mm month -1 . Sexual maturity also changed, individuals of Capitulum mitella in Hong Kong reached sexual maturity at 9-12 months, and 2 years in China (Lin 1993) . The average size of B. amphitrite recruits varied between 3.9 mm (Zvyagintsev & Korn 2003) to 4.8 mm in different locations (El-Komi & Kajihara 1990) .
Population structure studies involve measuring a number of individuals and assigning them to a particular size class (frequency), employing a previously defined and ranked independent variable (Akcakaya et al. 1999) . Three types of population models are proposed in the literature (also called pyramid models), based on the nature of the size class distribution: (i) growing or in expansion, characterized by a high proportion of juveniles compared to other classes (positive skewness), (ii) stable, with a high proportion of adults but a significant relative percentage of juveniles (normal distribution), (iii) regressive, in which adults dominate and the recruitment of new individuals to the population is limited or low (negative skewness; Bühler & Schimd 2001 , Hengland et al. 2001 ).
The population structure allows us to infer the population condition (state) and predict population growth (Akcakaya et al. 1999) . It also serves as a baseline, in monitoring programs, to compare how local changes in climate or oceanographic conditions (new potential habitats) and human impact (e.g., pollutants) affect the reproductive/recruitment success and the viability of the species (Bak & Meesters 1999 , Díaz et al. 2000 , Gori et al. 2011 . The population structure analysis helps determine the viability of the population through time (Bühler & Schimd 2001 , Hengland et al. 2001 , Rockwood 2006 ). Gilmore (2004) and Macpherson & Scrosati (2008) , the population structure of a particular species is specific to the area studied (location and depth) at the moment that it is measured. For key species (ecosystem functioning), the population size structure and the pyramid model have been used as cost-effective indicators of population health (Minchinton & Scheibling 1991 , Kipson et al. 2014 . This data will enable the implementation of adaptive management strategies to safeguard local populations; this is one of the objectives of conservation (Babcock et al. 2010 , Linares et al. 2012 , Santangelo et al. 2012 .
According to
Megabalanus peninsularis is the dominant cirriped of the rocky shore in Malpelo Island (Mayor et al. 2007 , García et al. 2012 , a Fauna & Flora Sanctuary -UNESCO located in the Eastern Tropical Pacific-ETP. This species has been reported in the ETP from Cabo San Lucas, Mexico to the Galapagos Islands in Ecuador (Gómez 2003 , Witman & Smith 2003 , Lozano-Cortés & Londoño-Cruz 2013 . Research on the rocky shore ecosystem is limited in the Colombian Pacific as well as in Malpelo Island; most studies are taxonomic registers (García et al. 2012) with no ecological data. For this area of Colombia, only 6 studies related to coastal species taxonomy have been published; none of them related to population structure (Venail 2002 , Zapata & Vargas-Angel 2003 , Rodríguez-Rubio & Giraldo 2011 , Sánchez et al. 2011 , Velasco et al. 2011 , Zapata et al. 2011 , Lozano-Cortés & Londoño-Cruz 2013 . Policy makers and managers have recognized the need for baseline studies on rocky shore organisms to know their abundance, spatial distribution, population structure, size, and status of key ecological species (INVEMAR 2009 (INVEMAR , 2010 to enable the design of management efforts in the rocky shore ecosystem. The previous information highlights the importance of this study; the first on barnacles in Malpelo Island. Our approach relies on the barnacles' benthic stage as there are limited techniques to follow and quantify gametes, embryos, and the variety of larval stages (Akcakaya et al. 1999 , MacPherson & Scrosati 2008 . Our main objective was to characterize the population size structure of the dominant species, M. peninsularis, to infer its state around the island (4.0 km perimeter; INVEMAR 2015).
MATERIALS AND METHODS
Malpelo is located at 4º00'08''N and 81º36'3''W, in the central region of the Colombian Pacific Basin. The island and its islets are part of the Malpelo Wildlife Sanctuary (Mayor et al. 2007) and the marine conservation corridor of the Eastern Tropical Pacific (CMAR; Rodríguez-Rubio & Giraldo 2011) that extends 6.5 km 2 (Mayor et al. 2007 ). The island is volcanic, composed of rugged basalt rocks (Caita & Guerrero 2000) 1 ; its perimeter is entirely rocky coastline, predominantly upper slopes averaging 40 degrees (Brando et al. 1992 , López-Victoria & Estela 2007 , Mayor et al. 2007 ).
Here, the North Equatorial Counter Current (NECC), which drags warm waters of the Indo-Pacific converges with the Panama Cyclonic Current (PCC) coming from the north, the north-south Colombia Current (COLC) (passing by Gorgona Island, a continental island of Colombia), the Humboldt Current (HC) and the South Equatorial Current (SEC; Brando et al. 1992 , Bessudo et al. 2005 ; Fig. 1 ). This convergence of oceanic and coastal currents make the fauna in Malpelo compelling from an ecological (stepping-stone island between central and eastern Pacific, for pelagic larval dispersal; Corredor-Acosta et al. 2011) and evolutionary (endemic species) standpoint. Sea surface temperatures vary between 23 and 28°C (Rodríguez et al. 2007) . Storms in the area produce waves that exceed 5.0 m in height. These strong waves impact the littoral most of the year with enough energy to erode the rock and remove sessile organisms, and affect the succession cycle in the rocky shore. Tides in Malpelo are semi-diurnal, varying between 0.6 and 5.0 m (Bessudo et al. 2005) . The datum for the rocky shore has never been calculated in the study area. Waves and tides create a wide supra and the mesolittoral zones around Malpelo Island.
The East and West sides of Malpelo are exposed to leeward or windward conditions depending on seasonality (dry, wet, and wind pattern). In February 2011, 4 zones of the island were sampled, 2 on the East side (Arrecife and Fantasma) and 2 on the West side (Freezer and Nevera; Fig. 1 ). These sites were selected because, in a preliminary sampling they showed the greatest density and coverage of M. peninsularis in the island.
Using a grid situated randomly on the rocky shore 84, 93, 40 and 68 plots of 50 x 50 cm (Fig. 2) were situated in Arrecife, Fantasma, Nevera, and Freezer, respectively. The unequal number of plots between locations reflects the relative density of M. peninsularis at each site. All individuals within the plots were sampled: 171 in Arrecife, 288 in Fantasma, 169 in Freezer, and 209 in Nevera. We used a Kruskal-Wallis non-parametric test for two independent samples to determine if there were differences in the diameter of the individuals sampled (population structure) in the West and the East, also to compare each class size between sites. The basal diameter of 837 individuals was measured using a gauge with a precision of ± 0.05 mm. The species were identified using taxonomy keys (Henry & McLaughlin 1986 , Gómez 2003 and consulting a specialist, Dr. Romanus Prabowo The sampling setup was not designed to compare depths (meso vs. infralittoral) or measure the population in the supralittoral zone, first, because it is not the ideal habitat for this species and, second for safety reasons. High waves (3-8 m) did not allow us to remain stationary to measure the organisms, and the steep rock slope (> 40 o ) also hindered our efforts (Fig.  2) . The population size structure of individuals from the mesolittoral zone to the infralittoral fringe was quantified by diving mainly during high tide and in calm water.
Based on basal diameter, 11 categories of size classes were selected using the Sturges rule. Class I: basal diameter between 0.5-0.92 cm, Class II: 0.93-1.35 cm, Class III: 1.35-1.78 cm, Class IV: 1.79-2.21 cm, Class V: 2.22-2.64 cm, Class VI: 2.65-3.07 cm, Class VII: 3.08-3.5 cm, Class VIII: 3.51-3.93 cm, Class XI: 3.94-4.36 cm, Class X: 4.37-4.79 cm, and Class XI: 4.8-5.11 cm. The diameter of individuals oscillated between 0.5 (minimum) to 5.1 cm (maximum). The frequency of the individuals' basal diameters was used to create histograms of the population structure. Descriptive statistics were calculated, and the population distribution was described according to Vermeij & Bak (2000) .
RESULTS AND DISCUSSION
The densities found at each sampled site were Arrecife 50. , and Nevera 64.6 ind m -2 . Non statistical differences were found in the diameter of the East and West individuals (Kruskal-Wallis test= 2.76, P= 0.096, n west = 378 individuals, n east = 459, Fig. 2) ; this allowed us to pool the data to infer about the whole population. Additionally, no statistical differences were observed when we compared each size class between West and East (KruskalWallis test, P > 0.05).
The overall size structure of M. peninsularis was bimodal with a mode in class I and II (0.5-0.92, 0.93-1.35 cm) and class VII (3.08-3.5 cm; Fig. 3 The relatively low frequency of the classes III-V could reflect low recruitment in the past or high mortality rates among these classes. According to the theory, low recruitment in some years could be explained by limited suitable habitat to be colonized by larvae due to adults or other benthic colonizers (Gilmore 2004 , Macpherson & Socrati 2008 , Suárez & Arrontes 2008 , Cruz et al. 2010 and La Niña years (e.g., 2011) in which oceanographic conditions changed in the ETP. Lower temperatures curtail reproductive output and recruitment (Romero et al. submitted) . Higher precipitation during La Niña causes an osmotic shock, affecting feeding, food efficiency and survival (Sanford et al. 1994 , Burrows et al. 2010 ; this may be the case in Malpelo Island.
The survival rates of some classes decreased with high densities of individuals (class IX-XI) that produce intraspecific competition for space, overgrowth, and smothering (Schubart et al. 1995 , Chan & Williams 2004 . The individuals of M. peninsularis in Malpelo showed overgrowth of the same species and competition for space with Tetraclita transversus, Tetraclita panamensis, and Chthamalus sp. (Brando et al. 1992 , García et al. 2012 . High predation also decreases survival rates; this was measured in populations of Balanus glandula and Diadema antillarum (Menge 2000 , Forero 2006 , predators are drawn to intermediate size prey; small individuals offer smaller sources of energy (cost-benefit), large individuals VII= 3, 5, VIII= 3, 93, IX= 3, 36, X= 4, 79, XI= 4, 11 escape predation (size refuge); this may explain the low frequency found in classes III-V. Lastly, storms and high waves detach layers of superimposed barnacles from several cohorts and of different size classes). Malpelo´s rocky shore is exposed to high hydrodynamics that are produced by a combination of factors such as waves (over 5.0 m), tides (3.0-5.0 m), oceanic currents, and frequent storms that generate enough energy to erode the rock and detach M. peninsularis from the littoral zone (Bessudo et al. 2005) . Heavy storms could reduce the frequency of larger individuals (e.g., Class X: 4.37-4.79 cm and Class XI: 4.8-5.11 cm), creating space for new recruits.
M. peninsularis has a growth rate of 2.08 mm month -1 in the ETP (Galápagos Islands, Witman & Smith 2003) . We used this data to calculate the age of individuals belonging to a particular size class (population structure based on age; Akcakaya et al. 1998) . Based on this data, individuals of the first size class, with a basal diameter between 0.5-0.92 cm (Fig.  3) , correspond to 1.0 to 4.4 months old, Class II to 4.5 to 6.4 months, Class III 6.5-8.4 months, Class IV to 8.5-10.5 months, Class V to 10.6-12.5 months, Class VI: 12.6-14.6 months, Class VII: 14.7-16.6 months, Class VIII to 16.7-18.6 months, Class XI to 18.7-20.7 months, Class X to 28.8-22.7 months, and Class XI to 22.8-24.8 months. All the calculations are assuming similar growth rate among size classes. The distribution curve based on age for M. peninsularis followed the same frequency and bimodal pattern in Fig 3. We also used the sexual maturity age of 6 months for M. peninsularis proposed by Chan (2006) to estimate the proportion of immature and mature individuals in the Malpelo population. This value allowed us to infer that the size frequency of classes I and II could be juveniles (non-reproductive individuals), which corresponds to 40.1 % of the population. Classes III to XI correspond to adults (59.9% potentially reproductive). In that scenario, adult organisms that die could easily be replaced by new juveniles (Grigg 1975 , Oostermeijer et al. 1994 , Rodríguez et al. 2007 . The juvenile to adult ratio in barnacles may indicate equilibrium in the population (Burrows et al. 2010 ).
According to our calculations, M. peninsularis recruitment (classes I and II) in Malpelo could occur between July and September 2010, nearly 6 months previous to sampling. In Malpelo Island, benthic populations were influenced by El Niño events in 2009 and 2010 in which sea surface temperatures rose 1.0 to 1.5°C (IDEAM 2009 , León 2010 3 ). The successful recruitment observed in classes I and II could be the result of high sea surface temperature during April and May 2010 (IRI 2015) 4 .
El Niño may have improved dispersal, and long distance connectivity, as well as the recruitment of larvae dispersing from downstream populations, increasing the frequency of individuals in the first classes, and playing a role in the genetic pool of target species. Higher current velocity (Fig. 1) The last two classes of M. peninsularis presented limited individuals. Based on our estimations, older individual (class X-XI) are around 2.5 years old. We hypothesize that the life cycle of M. peninsularis could be close to 2-3 years, likewise to the succession cycle in the rocky environment due to high hydrodynamic conditions in the littoral.
In conclusion, the population of M. peninsularis in Malpelo Island is growing. The high frequency of juveniles suggests a resilient population, as they can replace dead individuals.
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